INTRODUCTION
Seeds of legumes such as bean, soya bean, kidney bean, broad bean and others are one of the basic food products, especially for individuals restricting the consumption of meat (vegetarians). Legumes are a very valuable source of plant protein, fat (soya bean), complex carbohydrates, mineral compounds, fiber and vitamins [Fıratlıgil-Durmuş et al., 2010] . They exceed other vegetables in phosphorus, potassium, calcium and magnesium contents [Ximenez--Embun, 2004] . Also the content of iron and group B vitamins, such as thiamine and riboflavin, in these seeds is rather high [Iqbal et al., 2006; Kołota et al., 2007] . The chemical composition of individual species and varieties of legumes is very differentiated both in quantity and quality aspects. It is not only influenced by genetic differentiation but also by environmental factors, mainly courses of the weather [Jasińska & Kotecki, 1993] . A high nutritive value of legume seeds is restricted by a few anti-nutritive factors (e.g. trypsin inhibitors, tannins, phytic acid, flatulence-causing oligosaccharides) . They occur mainly in raw seeds, but also in seeds subjected to technological and culinary treatments. Culinary treatment of seeds usually involves two stages, i.e. soaking and cooking. The most popular method of soaking is to spill them over with water of ambient temperature, in a ratio of 1:4 and to leave them in that state for about 12 h. The alternative way of soaking can be "hot " soaking. The dry seeds are spilled over with boiling water, in volume ratio four times greater than the volume of seeds, and left at ambient temperature for about 2-3 h. The seeds soaked in that way are suitable for further thermal treatment.
The aim of this study was to assess the influence of different soaking and cooking methods on contents of selected nutrients (i.e. protein, fat, total and digestible carbohydrates, Ca, Mg, Na, and K) in legume seeds.
MATERIAL AND METHODS
The experimental material were dry legumes seeds, i.e. kidney bean and soya bean originating from the collection of Krakow's Plants and Seeds Horticulture POLAN LTD.
The technological treatment was conducted in two stages: 1. Soaking: -"cold" -traditional -spilling the seeds over with water of ambient temperature (ratio 1:4) and leaving them for 12 h, -"hot" -spilling the seeds over with hot water -temp.
of [Kunachowicz et al., 2005] . Because this work concerns only nutritional compounds of legume seeds, the dietary fibre levels are presented in a separate paper. All mentioned analyses were performed in triplicate after each type of soaking and cooking. There was also estimated the dynamics and magnitude of water absorption during soaking and the efficiency of cooking process (change of seeds mass expressed in percentages). There were compared also other parameters of the technological process, i.e. time, work consumption etc. Results obtained were expressed as means and standard deviation and were subjected to a statistical analysis (Statistica v. 7.0 software). The significance of differences between means was estimated with post hoc Duncan test at p≤0.05.
RESULTS AND DISCUSSION
Soaking and cooking of soya bean and kidney bean seeds affected a decrease in dry matter content. The dry matter content in raw soya bean seeds was 90.5 g/100 g and in raw kidney bean seeds 81.9 g/100 g ( Table 1 ). The "hot" soaked seeds of both legume species were characterised by lower dry matter content, reaching 38.1 g/100 g for soya bean and 38.3 g/100 g for kidney bean. The statistical analysis did not show any significant differences in dry matter contents of soya bean, for both methods of soaking. Such a dependency was, in turn, observed for kidney bean seeds. The "hot" soaked kidney bean was characterised by a significantly lower dry matter content (38.3 g/100 g) in comparison to the traditionally-soaked seeds (45.3 g/100 g). Among the cooked soya bean seeds the highest dry matter content was found in the electric stove-cooked seeds that had earlier been "cold" soaked (38.2 g/100 g), whereas the lowest one in the seeds cooked in an induction stove and soaked with both methods (36.3 g/100 g for "hot" soaked seeds and 36.1 g/100 g for "cold" soaked seeds), (Table 1) . Also "cold" soaked and cooked in an electric stove kidney bean seeds contained the highest level of dry matter (41.1 g/100 g). The lowest content of dry matter was determined in "hot" soaked kidney bean seeds cooked in a combined microwave oven (34.7 g/100 g). Kalogeropoulos et al. [2010] reported the content of dry matter in cooked legume seeds at levels of 23.5-36.1 g/100 g. A research by Judprasong et al. [2006] showed that the loss of dry matter in legume seeds during cooking might reach 40%. The contribution of individual components in the total solids of soya bean was observed to change upon the hydrothermal processes applied. The soaking of soya seeds in hot water caused a significant increase in protein content (48.1 g/100 g), (Table 2) . Also cooking of those seeds resulted in increased protein content (44.5-46.4 g/100 g) of dry matter in comparison to the dry seeds (37.2 g/100 g). In turn, the microwave cooking of soya bean was observed to significantly lower the content of that component in comparison to the "hot" soaked seeds. When analysing changes in protein content of dry matter of kidney bean seeds as a result of soaking, no significant differences were noticed in that component levels (22.5-23.2 g/100 g d.m.) in comparison to dry seeds (22.7 g/100 g d.m.). Among seeds submitted to thermal treatment the highest protein content was found in seeds cooked with an induction stove after former "hot" soaking (27.3 g/100 g d.m.), and the lowest content in seeds "cold" soaked and then cooked in a combined microwave oven (19.8 g/100 g d.m.) ( [2006] reported a relatively low increase in the total protein content of dry matter (by 6%) in raw kidney bean. It could be caused by solubilization of some easy hydrolysing components and their migration to water and also by enhanced activity of enzymes, i.e. lipases. The long-term soaking may also result in microbiological changes occurring in seeds, which is connected with the multiplication of microflora and may affect an increase in protein content. As shown by Winiarska-Mieczan & Koczmara [2006] , the soaking of seeds for two days caused a decrease (by 1/7%) in protein concentration in kidney bean seeds in comparison to the seeds soaked for 1 day. The content of protein after 2 days of soaking in those seeds was significantly lower than in the raw seeds. A slight increase in protein content of seeds soaked for 1 day and then cooked was also reported by Pir- ). Such interchangeable tendency was not observed in the case of the traditional soaking method. The "cold" soaked soya bean seeds were characterised by a higher ash content (8.3 g/100 g) than the untreated seeds (6.5 g/100 g), whereas the traditionally-soaked kidney bean seeds had significantly lower ash content (3.8 g/100 g) than the dry kidney bean (4.6 g/100 g). As expected, during cooking, the diffusion of some mineral compounds from seeds to a solution occurred, which caused the loss of ash. Its decrease, in soya bean seeds because of their cooking (irrespective of the technique applied), was significant. Cooking the "cold" soaked kidney bean seeds did not cause any significant changes in ash content in comparison to the "hot" soaked seeds. Khatoon & Prakash [2006] noticed that the cooking process may reduce ash content by 7-13% in comparison to dry seeds. The greater loss of ash content (even by 50%) as a result of seeds cooking was obtained by Pysz et al. [2001] . A research concerning the effect of hydrothermal treatment on ash content was also conducted by Khali & Mansour [1995] . The authors did not show any significant differences in its content in seeds submitted to processes of cooking, sterilization and sprouting. Krupa & Soral-Śmietana [2005] showed that the average content of mineral compounds in seeds of the analysed kidney bean varieties (Aura & Eureka) reached ca. 4% d.m. As a result of water-cooking treatment applied (sterilization and microoven) a small decrease was observed in the content of total mineral compounds. The conducted hydrothermal treatment of soya bean seeds caused a decrease in the total carbohydrates (average at about 30%) and in digestible carbohydrates (68%). The lowest losses of those components were observed for seeds cooked with an induction stove with initial "hot" soaking, i.e. 3% and 43%, respectively. Such obvious changes were not observed for kidney bean seeds. In kidney bean seeds "hot" soaked and then cooked with an induction stove, the content of total carbohydrates of dry matter was noticed to increase by 4%. The greatest increase in digestible carbohydrates in dry matter was observed during "cold" soaking of the seeds (20%). A research by Aguilera et al. [2009] showed a decrease in the total carbohydrates in dry matter of legume seeds during their soaking and cooking. The dry soya bean and kidney bean seeds contained considerable amounts of calcium 212.2 mg/100 g and 227.1 mg/ 100 g, respectively ( Table 3 of calcium in dry kidney bean seeds, i.e. 350 mg/100 g of dry matter on average. The contents of magnesium and potassium in not treated soya bean seeds were also high and reached 234.9 and 1660 mg/100 g, respectively. Also the kidney bean seeds were characterised by a high content of those minerals (204.1 and 1929.9 mg/100 g). When analysing changes in the contents of the assessed mineral components during cooking of soya bean seeds, an increase was noted in contents of calcium and sodium (with exception of "cold" soaked and microwaved seeds) in dry matter with parallel decrease in magnesium and potassium levels. Estimation of hydrothermal treatment influence on changes in the contents of mineral components enabled concluding that the "cold" soaked seeds and seeds cooked with all methods (after former "cold" soaking) were characterised by higher calcium content than the seeds "hot" soaked and coked. ElMaki et al. [2007] determined the influence of soaking and cooking on contents of mineral compounds in three varieties of kidney bean showed that the seeds soaked for 1, 2, and 3 days were char- acterised by continuous losses of calcium, magnesium, potassium and sodium, with the losses being greater along with the longer soaking time. The cooking of soaked seeds caused further loss of calcium. According to Khali & Mansour [1995] and Pirman & Stibilj [2001] , hydrothermal treatment reduced significantly the contents of the examined macroelements in legume seeds. All applied techniques of soya bean and kidney bean cooking affected a decrease in digestible carbohydrates content in comparison to dry seeds and "hot" soaked seeds (with exception of soya bean "hot" soaked and cooked with an induction stove).
Further analyses involved the comparison of time and efficiency of different hydrothermal treatments of soya bean and kidney bean seeds. Analysis of the influence of different soaking and cooking methods on the time and yield of the applied process demonstrated that the cooking of both "cold" and "hot" soaked soya bean with an induction stove and with a combined microwave oven significantly shortened the time of the culinary process (50-64 min) in comparison to cooking with an electric stove (82-90 min), ( Table 4 ). The total time of the technological treatment for "hot" soaked seeds was shorter (despite the cooking technique) in comparison to the "cold" soaked seeds. The statistical analysis did not show any significant differences in the process efficiency as affected by the soaking method for both soya bean (222.4-223.5%) and kidney bean seeds (196.2-198 .0%), (Table 4 ). The cooking of kidney bean seeds formerly "hot" soaked was characterised by a higher yield in comparison to the cooking of seeds with a combined microwave oven (irrespective of the method of their soaking).
CONCLUSIONS
1. Dry matter of soya bean and kidney bean seeds was characterised by high contents of basic nutritive compounds.
2. The soaking and cooking of seeds (irrespective of species) increased contents of protein, fat, calcium and sodium in dry matter and decreased those of digestible carbohydrates, potassium and magnesium.
3. The favorable method of soaking of kidney bean turned out to be "hot" soaking, which caused smaller losses of nutrients.
4. Cooking soya bean and kidney bean seeds with electrical or induction stove facilitated better protein preservation.
5. The shorter total time of technological treatment including soaking and cooking was typical of the "hot" soaked soya and kidney bean seeds.
6. The application of modern hydrothermal treatment methods, i.e. "hot" soaking, and the use of an induction stove can be a successive alternative in preparation of meals from legumes seeds.
7. Taking into account all analysed aspects of the technological process and changes in the composition of soya and kidney bean seeds cooked in a combined microwave oven it has been concluded that it is not the proper method for hydrothermal treatment of those beans.
